Specification 
IMPURITY INTRODUCING METHOD 
<Technical Field> 

This invention relates to a method of introducing 
5 impurities, and more particularly , relates to a method of forming 
a junction for forming an electronic element on a semiconductor 
substrate, and a method of forming a junction for forming an 
electronic element on such a substrate that a semiconductor thin 
film is formed on an insulating substrate surface which is used 
10 for a liguid crystal panel etc. 

<Background Art> 

For example, on the occasion of forming an element region 
on a semiconductor substrate, a lot of pn junctions are used. 

15 In addition, such a SOI (silicon on insulator) substrate that 
a silicon thin film is formed on a substrate surface through 
an insulating film is widely used for various semiconductor 
devices such as DRAM. In addition, such a glass substrate that 
a semiconductor thin film is formed on a substrate surface 

20 attracts attention with planning for miniaturization and 
realization of high speed of a liquid crystal panel by integrating 
a liquid crystal drive circuit including thin film transistors 
(TFTs) in this semiconductor thin film. 

On the occasion of forming various semiconductor devices 

25 in this manner, pn junctions are used. As the suchlike method 
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of formingpn junctions, amethodof introducingp type impurities 
such as boron by ion implantation into a n type silicon substrate 
and thereafter, electrically activating them by a halogen lamp, 
is used conventionally. 
5 For example, as a method of introducing boron which is 

a p type impurity, plasma doping is expected as a next generation 
method which can introduce particles effectively with very low 
energy, in addition to ion implantation. 

As a method of electrically activating introduced ions 

10 such as boron ions, a method of irradiating xenon flash lamp 
light, all solid-state laser light, and excimer laser right, 
other than halogen lamp light, and the like have been researched 
and developed. 

Here, a method of forming a shallow activated layer by 

15 utilizing a difference of optical absorption coefficients of 
silicon crystal and amorphous silicon has been proposed. In 
sum, an optical absorption coefficient of amorphous silicon is 
larger as compared with that of silicon crystal, in a wavelength 
range of 375nm or more. Then, for example, an amorphous layer 

20 is formed in advance on a silicon substrate surface prior to 
irradiating light, and after that, light is irradiated, and 
thereby, a lot of light energy is let absorbed by the amorphous 
layer, to form a shallow activated layer. In these reports, 
it is general that realization of pre-amorphous of a substrate 

25 surface is carried out, prior to introduction of impurities, 



2 



and after that, impurities are introduced. Ion implantation 
of germanium and silicon is used for the realization of 
pre-amorphous (see, Non-Patent Documents 1 , 2, 3, 4, 5 and Patent 
Document 1) . 

5 In recent days, such a process that changing a silicon 

very shallow layer to amorphous by use of plasma, and plasma 
doping were combined, has been proposed by inventors of this 
case. According to this, plasma such as helium is irradiated 
to a silicon substrate by use of a plasma irradiation apparatus, 

10 and thereby, amorphous of a very shallow layer on a silicon surf ace 
can be realized. Further, plasma doping is carried out by plasma 
of gas including boron through the use of the same apparatus, 
and thereby, very low impurity introduction can be carried out. 
In this method, low energy plasma is used, and therefore, there 

15 is such an advantage that it is possible to realize amorphous 
of a very low region effectively, as compared with ion 
implantation. Further, by using it with plasma doping at the 
same time, it is possible to easily form a very low impurity 
layer which is changed to amorphous, by 1 unit of the apparatus . 

20 Non-Patent Document 1: Ext. Abstr. Of IWJT, pp23-26, Tokyo, 

2002 . 

Non-Patent Document 2 : Symposiumon VLSI Technology Digest 
of Technical Papers, pp53-54, Kyoto, 2003. 

Non-Patent Document 3: Ext. Abstr. Of IWJT, pp31-34, Tokyo, 

25 2002. 
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Non-Patent Document 4 : Ext . Abstr . Of IWJT, pp27-28, Tokyo, 

2002 . 

Non-Patent Document 5: 2000 International Conference on 
Ion Implantation Technology Proceedings, 2000, pp. 175-177. 
5 Patent Document 1: Patent No. 3054123 (P3054123) 

<Disclosure of the Invention> 

<Problem that the Invention is to Solve> 

In such a process that changing to a silicon very shallow 

10 layer to amorphous by use of plasma, and plasma doping were 
combined, it is desirable to realize changing to amorphous and 
plasma doping in the same chamber, from viewpoints of 
anti-oxidation and anti-pollution of a surface. 

In addition, also in the aspect of the apparatus, in case 

15 of separating processes and carrying out them by separate plasma 
irradiation apparatuses, a plurality of chambers are required, 
and time, which is required for delivery between chambers, 
becomes necessary, and from that viewpoint, there is such a 
problem that it is not effective. 

20 Then, various experiments were made repeatedly as to an 

apparatus which realizes such a process that changing a silicon 
very shallow layer to amorphous by use of plasma, and plasma 
doping were combined, in the same chamber. In consequence, in 
the conduct of experiments, it was found that there occurs 

25 breakage in a power supply and a peripheral circuit of a plasma 
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introduction apparatus at the time of switching over plasmas 
which are used in both processes. 

Furthermore, it was recognized that its cause is because 
matching points of a high f reguency power supply and a peripheral 
5 circuit, as bias application means and a plasma source are 
different since different kinds of plasmas are used continuously 
in a process of continuously carrying out a change to amorphous 
and plasma doping, and a load is applied at the time of switching 
over plasma. 

10 In this manner, in case of realizing a change to amorphous 

and plasma doping in the same chamber, there was such a problem 
that a load is applied to a high frequency power supply or its 
peripheral circuit as bias application means andaplasma source, 
at the time of switching over plasmas , and an apparatus is damaged 

15 easily. 

In the suchlike situation, provision of method which does 
not provoke breakage of a high frequency generation source or 
its peripheral circuit, at the time of switching over plasma 
which is used for a change to amorphous, and plasma which is 

20 used for plasma doping, without substantially dropping down 
efficiency of an entire process and investment efficiency to 
the apparatus, has been requested. 

The present invention is made in view of the 
above-described actual condition, and aims to provide a method 

25 which can realize a change of a silicon very shallow layer to 
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amorphous by use of plasma, andplasma doping in the same chamber, 
without inviting breakage of the apparatus . 

<Means for Solving the Problem> 
5 Then, in a method of the present invention, electric 

discharge is stopped at the time of switching over plasmas between 
processes of plasma irradiation for realization of amorphous 
and plasma doping, and an initial condition of a high frequency 
power supply as a plasma application or plasma source, or an 

10 initial condition of a matching point of a matching circuit is 
re-set up, so as to adapt to plasma which is used in each process . 

An impurity introducing method of the present invention 
includes a first plasma irradiation step of carrying out plasma 
irradiation for realization of amorphous in which a surface of 

15 a semiconductor substrate is changed to an amorphous situation, 
and a secondplasma irradiation step of carrying out plasma doping 
impurities so as to form a shallow junction in the semiconductor 
substrate, and includes a resetting step of resetting a plasma 
irradiation condition, on the occasion of shifting from the first 

20 plasma irradiation step to the second plasma irradiation step. 

By this method, it is possible to prevent an extra load 
from being applied to an apparatus, and effective use becomes 
possible, and therefore, it is possible to prevent breakage of 
the apparatus from being provoked. 

25 In addition, in the impurity introducing method of the 
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present invention, the resetting step includes a step of 
resetting an initial condition of a plasma generation source 
so as to adapt to plasma which is used in each step. 

By this method, it is possible to easily provide an 
5 appropriate plasma situation. 

In addition, in the impurity introducing method of the 
present invention, the resetting step includes a step of 
resetting an initial condition of a matching point of a matching 
circuit so as to adapt to plasma which is used in each step. 
10 By this method, the matching circuit is set up to a matching 

situation right after plasma irradiation start, and therefore, 
it is possible to prevent an extra load from being applied to 
the apparatus . 

In addition, in the impurity introducing method of the 
15 present invention, the resetting step includes a step of stopping 
electric discharge once and then, resetting it, on the occasion 
of shifting from the first plasma irradiation step to the second 
plasma irradiation step. 

There is such a case that a large electric current flows 
20 at the time of switching, but by stopping electric discharge 
once, it is possible to prevent failure of a high frequency power 
supply due to matching fault of a matching circuit. 

In addition, in the impurity introducing method of the 
present invention, the resetting step includes a step of 
25 decreasing and changing bias power and thereafter, applying 
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desired bias power, on the occasion of shifting from the first 
plasma irradiation step to the second plasma irradiation step. 

By this method, there is such a case that a large electric 
current flows at the time of switching, but since it is configured 
5 so as to lower and change bias power and thereafter, to apply 
desired bias power, it is possible to prevent failure of a high 
frequency power supply due to matching fault of a matching circuit 
It is desirable to lower bias power at the time of plasma switching, 
to 5-50% of bias power to be applied after switching. More 

10 desirably, it is lowered to 5-30%. If it is 50% or more, an 
advantage is low. On the one hand, if bias power is lowered 
too much, it is not possible to make reflected waves zero. 

In addition, in the impurity introducing method of the 
present invention, the resetting step includes a step includes 

15 one of decreasing pressure and changing other conditions except 
pressure, and thereafter, setting desired pressure, on the 
occasion of shifting from the first plasma irradiation step to 
the second plasma irradiation step. 

By resetting conditions in such a situation that pressure 

20 was lowered, it is possible to shift to the second plasma 
irradiation step while a matching circuit maintains a matching 
situation, and therefore, it is possible to prevent failure of 
a peripheral circuit and a high frequency power supply . Pressure 
at the time of plasma switching is set to 1 . 1-3 . 0 times of pressure 

25 which is set up after switching. If it is 1.1 times or less, 



there is no advantage . On the one hand, if pressure is increased 
to 3 . 0 times or more, it takes too much time for the process. 

In addition, the impurity introducing method of thepresent 
invention includes a thing characterized in that the second 
5 plasma irradiation step is carried out after the first plasma 
irradiation step. 

In this case, especially, there is a problem of failure 
due to increase of loads to a matching circuit and a high frequency 
power supply at the time of switching over the plasma irradiation 

10 steps, but by using this method, it is possible to prevent extra 
loads to the matching circuit and the high frequency power supply, 
and to provide an appropriate plasma situation in the second 
plasma irradiation step . By doing in this manner , it is possible 
to obtain such advantages that an advantage for changing to 

15 amorphous, i.e., an optical absorption rate at the time of 
annealing is improved, and to enable annealing at low temperature 
and an activation rate of impurities are improved, to realize 
low resistance . In this manner, a device at the time of switching 
plasmas in such a newly proposed process that plasma irradiation 

20 for realization of amorphous and plasma doping were combined, 
is very useful. 

In addition, the impurity introducing method of thepresent 
invention includes a thing characterized in that the first plasma 
irradiation step is carried out after the second plasma 

25 irradiation step. 
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In this case, especially, there is a problem of failure 
due to increase of loads to a matching circuit and a high f reguency 
power supply at the time of switching over the plasma irradiation 
steps, but by using this method, there is such an advantage that 
5 it is possible to prevent failure of a peripheral circuit and 
a high freguency power supply without applying extra loads to 
the matching circuit and the high freguency power supply. In 
this manner, in a device at the time of switching plasmas in 
combination of a step of carrying out plasma irradiation for 

10 realization of amorphous after plasma doping is carried out, 
so-called step including realization of amorphous as 
post-processing, the amorphous realization as post-processing 
may be realized by ion implantation. 

Inaddition, the impurityintroducingmethodof thepresent 

15 invention is configured in such a manner that the first plasma 
irradiation step is carried out prior to the second plasma 
irradiation step. 

In this case, especially, there is a problem of failure 
due to increase of loads to a matching circuit and a high freguency 

20 power supply at the time of switching over the plasma irradiation 
steps, but by using this method, there is such an advantage that 
it is possible to prevent failure of a peripheral circuit and 
a high freguency power supply without applying extra loads to 
the matching circuit and the high freguency power supply. 

25 In addition, in the impurity introducing method of the 
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present invention, gas seed, which is used in the fist plasma 
irradiation step, includes helium and neon. 

It is conceivable that helium and neon are of low spattering 
efficiency, and it is possible to change them to amorphous without 
5 almost chipping off silicon, and it is more desirable. 

In addition, in the impurity introducing method of the 
present invention, gas seed, which is used in the second plasma 
irradiation step, includes at least one of a group comprising 
Ar, Kr, Xe, and Rn . 

10 Its reason is that these elements are rare gas, and have 

a characteristic of inertness. 

In addition, there are a lot of reports in which B2H6, 
BF 3 are used as a gas seed which is used in plasma doping, and 
by combining with these plasma doping, it is applicable. 

15 In this manner, it is possible to reduce a load which is 

applied to a high frequency power supply etc. at the time of 
switching of plasmas, and it is possible to carry out such a 
process that changing to a silicon very shallow layer to amorphous 
by use of plasma, and plasma doping were combined, effectively 

20 without provoking failure of an apparatus. 

In addition, the impurity introducing method of the present 
invention is carried out by combination of steps selected from 
a group comprising combination of carrying out plasma doping 
after plasma irradiation for realization of amorphous was carried 

25 out, combination of carrying out plasma irradiation for 
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realization of amorphous after plasma doping was carried out, 
and combination of carrying out plasma doping after plasma 
irradiation for realization of amorphous was carried out, and 
after that, of further carrying out plasma irradiation for 
5 realization of amorphous. 

<Advantage of the Invention> 

As explained above, in the present invention, a process 

is devised so as for a load not to be applied to a high frequency 
10 power supply and a circuit at the time of switching over plasmas, 

in such a process that changing a silicon very shallow layer 

to amorphous, and plasma doping were combined. That is, at the 

time of plasma switching, by stopping electric discharge and 

setting a matching point so as to adapt to each plasma, and by 
15 decreasing bias power and increasing pressure, it is possible 

to carry out the process without destroying a high frequency 

power supply and a peripheral circuit. 

Therefore, it becomes possible to provide a method of 

forming a very shallow impurity introduced layer with a high 
20 optical absorption rate, over keeping through-put and investment 

efficiency to an apparatus, to a good level. 

<Brief Description of the Drawings> 

Fig.l is a view which shows one example of a process in 
25 an embodiment of the present invention. 
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Fig. 2 is a view which shows one example of a process in 
an embodiment of the present invention. 

Fig. 3 is a view which shows one example of a process in 
an embodiment of the present invention. 
5 Fig. 4 is a view which shows one example of a process in 

an embodiment of the present invention. 

Fig. 5 is a view which shows one example of a process in 
an embodiment of the present invention. 

Fig. 6 is a view which shows one example of a process as 
10 a comparative example. 

Fig. 7 is a view which shows an impurity introducing 
apparatus . 

<Best Mode for Carrying Out the Invention> 
15 Next, an embodiment of the present invention will be 

explained . 

Firstly, an apparatus, which is used in this embodiment, 
will be explained. In this regard, however, the present 
invention is not limited to the following apparatus. 

20 This apparatus 100 has a high frequency power supply 1, 

a matching box 2, a coil and antenna 3, mass flow controllers 
4 and 5, a turbo molecular pump 6, a conductance valve 7, a dry 
pump 8, a circulator 9, a DC power supply 10, a matching box 
11, a high frequency power supply 12 and a lower electrode 14, 

25 and a base body to be processed 13 such as a silicon substrate 



13 



is placed on the lower electrode 14 which is also used as a 
substrate mounting base. 

Firstly, a silicon substrate 13 as a substrate to be 
processed, is conveyed into a process chamber 15, and thereafter , 
5 it is disposed on the lower electrode 14, and an introduction 
tube 16 of rage gas and an introduction tube 17 of diborane gas 
are connected to the process chamber 15 separately. The rage 
gas is a thing which is used for processing for changing a silicon 
substrate surface to amorphous by irradiating rage gas plasma. 

10 It is configured that a gas flow rate can be controlled by the 
mass flow controllers 4, 5, separately. 

Meanwhile, in this embodiment, changing a surface of a 
solid base body itself to amorphous will be explained, but in 
this regard, however, the present invention is not limited to 

15 it, and it is needless to say that it is also applicable to a 
surface of a thin film which is formed on the solid base body. 

(Embodiment 1) 

Fig.l shows a flow chart of a method of an embodiment 1. 

20 In this embodiment 1, (A) plasma is used in plasma irradiation 
for realization of amorphous. In addition, (B) plasma is used 
in plasma doping. (A) plasma is He plasma, and pressure was 
set to 0.9Pa, and bias power was set to 100W. (B) plasma is 
plasma in which B 2 H 6 gas is diluted with He gas, and pressure 

25 was set to 2.0Pa, and bias power was set to 100W. 
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In the beginning, an initial condition of a bias high 
frequency power supply was set up to a matching point for use 
in (A) plasma. After that, plasma was irradiated to a silicon 
substrate by use of (A) plasma, and it was changed to amorphous . 
5 After plasma irradiation was carried out only for predetermined 
time, plasma was stopped once. Then, an initial condition of 
the bias high frequency power supply was set up to a matching 
point for use in (B) plasma. After that, plasma doping was 
applied to the silicon substrate by use of (B) plasma. 

10 

(Embodiment 2) 

Fig. 2 shows a flow chart of a method of an embodiment 2. 
In this embodiment 2, (A) plasma is used in plasma irradiation 
for realization of amorphous. In addition, (B) plasma is used 

15 in plasma doping. (A) plasma is He plasma, and pressure was 
set to 0.9Pa, and bias power was set to 100W. (B) plasma is 
plasma in which B 2 H 6 gas is diluted with He gas, and pressure 
was set to 2.0Pa, and bias power was set to 100W. 

In the beginning, an initial condition of a bias high 

20 frequency power supply was set up to a matching point for use 
in (A) plasma. After that, plasma was irradiated to a silicon 
substrate by use of (A) plasma, and it was changed to amorphous . 
After plasma irradiation was carried out only for predetermined 
time, bias power was lowered to 0W. After that, a pressure 

25 adjustment value was squeezed, and B 2 H 6 gas was introduced into 
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the processing chamber to have pressure increased up to 2.0Pa, 
and it was switched over to (B) plasma. After that, bias power 
is increased to 100W, and plasma doping was carried out. 

5 (Embodiment 3) 

Fig. 3 shows a flow chart of a method of an embodiment 3. 
In this embodiment 3, (A) plasma is used in plasma irradiation 
for realization of amorphous. In addition, (B) plasma is used 
in plasma doping. (A) plasma is He plasma, and pressure was 

10 set to 0.9Pa, and bias power was set to 100W. (B) plasma is 
plasma in which B 2 H e gas is diluted with He gas, and pressure 
was set to 2.0Pa, and bias power was set to 100W. 

In the beginning, an initial condition of a bias high 
frequency power supply was set up to a matching point for use 

15 in (A) plasma. After that, plasma was irradiated to a silicon 
substrate by use of (A) plasma, and it was changed to amorphous . 
After plasma irradiation was carried out only for predetermined 
time, pressure was increased up to 2.5Pa, and B 2 H 6 gas was 
introduced into the process chamber, to switch to (B) plasma. 

20 After that, pressure was lowered down to 2 . OPa, and plasma doping 
was carried out. 

(Embodiment 4) 

Fig. 4 shows a flow chart of a method of an embodiment 4. 
25 In this embodiment 4, (A) plasma is used in plasma irradiation 
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for realization of amorphous. In addition, (B) plasma is used 
in plasma doping. (A) plasma is He plasma, and pressure was 
set to 0.9Pa, and bias power was set to 100W. (B) plasma is 
plasma in which B 2 H 6 gas is diluted with He gas, and pressure 
5 was set to 2.0Pa, and bias power was set to 100W. 

In the beginning, an initial condition of a bias high 
frequency power supply was set up to a matching point for use 
in (B) plasma. After that , plasma doping was applied to a silicon 
substrate by use of (B) plasma. After plasma doping was carried 
10 out only for predetermined time, plasma was stopped once . Then, 
an initial condition of the bias high frequency power supply 
was set up to a matching point for use in (A) plasma. After 
that, plasma irradiation for realization of amorphous was carried 
out by use of (A) plasma. 

15 

(Embodiment 5) 

Fig. 5 shows a flow chart of a method of an embodiment 5. 
In this embodiment 5, (A) plasma is used in plasma irradiation 
for realization of amorphous prior to doping . In addition, (C) 

20 plasma is used in plasma irradiation for realization of amorphous 
after doping. Further, (B) plasma is used in plasma doping. 
(A) plasma is He plasma, and pressure was set to 0 . 9Pa, and bias 
power was set to 100W. In this embodiment 5, The same thing 
as (A) plasma is used as (C) plasma. In this regard, however, 

25 it is all right even if another condition is used. (B) plasma 
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is plasma in which B 2 H 6 gas is diluted with He gas, and pressure 
was set to 2.0Pa, and bias power was set to 100W. 

In the beginning, an initial condition of a bias high 
frequency power supply was set up to a matching point for use 
5 in (A) plasma. After that, plasma was irradiated to a silicon 
substrate by use of (A) plasma, and it was changed to amorphous . 
After plasma irradiation was carried out only for predetermined 
time, plasma was stopped once. Then, an initial condition of 
the bias high frequency power supply was set up to a matching 

10 point for use in (B) plasma. After that, plasma doping was 
applied to the silicon substrate by use of (B) plasma. After 
plasma doping was carried out for predetermined time, plasma 
was stopped once. Then, an initial condition of the bias high 
frequency power supply was set up to a matching point for use 

15 in (C) plasma. Here, since the same thing as (A) plasma is used 
as (C) plasma, a matching point was set up to the same one . After 
that, plasma irradiation for realization of amorphous was carried 
out by use of (C) plasma. 

By doing as shown in these embodiments 1 through 5, it 

20 became possible to carry out such a process that irradiation 
for realization of amorphous and plasma doping were combined, 
repeatedly, without destroying the bias high frequency power 
supply. By this means, it became possible to easily fabricate 
a very shallow impurity layer having a high optical absorption 

25 rate, without destroying the apparatus. 
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(Comparative Example) 

Next, a comparative example will be explained. 
By use of Fig. 6, a difference of processes in the 
embodiments and the comparative example will be explained. 
5 In the comparative example, (A) plasma is used in plasma 

irradiation for realization of amorphous, and (B) plasma is used 
in plasma doping. (A) plasma is He plasma, and pressure was 
set to 0.9Pa, and bias power was set to 100W. (B) plasma is 
plasma in which B 2 H 6 gas is diluted with He gas, and pressure 

10 was set to 2.0Pa, and bias power was set to 100W. 

In the comparative example, in the beginning, an initial 
condition of a bias high freguency power supply was set up to 
a matching point for use in (A) plasma. After that, plasma was 
irradiated to a silicon substrate by use of (A) plasma, and it 

15 was changed to amorphous . After plasma irradiation was carried 
out only for predetermined time, B2H6 gas was introduced into 
a process chamber, and pressure was adjusted to be set to 2 . OPa, 
and plasma doping was applied to the silicon substrate by use 
of (B) plasma. Although it was tried to adj ust a matching point 

20 of bias automatically at the time of switching of plasmas at 
this time, a load is applied to the bias high freguency power 
supply at an initial stage of starting adjustment, and the bias 
high freguency power supply breaks down often times . The number 
of faults was 3 times during a period of 6 months. 

25 
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<Industrial Applicability> 

As explained above, according to the present invention, 
it is possible to repeatedly carry out such a process that plasma 
irradiation for realization of amorphous and plasma doping were 
5 combined, in such a situation that steps are simple and 
through-put is high, without destroying a bias high freguency 
power supply, and it is possible to easily fabricate a very shallow 
impurity layer having a high optical absorption rate, and 
therefore, it is useful for formation of a fine semiconductor 
10 integrated circuit. 
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